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To identify the DNA sequences required for initiation of transcription in archaea, the 
5'-flanking region of the t R N A V a l gene of Methanococcus vannielii was modified by deletions, 
restructuring and site-directed mutagenesis, and the tRNA encoding sequence was replaced 
by a fortuitous Escherichia coli sequence. The effects of these mutations on promoter 
function were tested in an homologous cell-free transcription System. The DNA region from 
position — 35 to + 9 relative to the transcription start site was sufficient for maximal 
initiation of cell-free transcription. Removal of the DNA region between — 3ö and —30 
reduced initiation by a factor of 2. Deletions extending to position —24 almost completely 
abolished specific transcription. Analysis of 16 site-specific mutations in the region from 
— 33 to +2 provided evidence that a conserved A + T-rich sequence (TATA box), centered 
at —25, is essential for initiation of transcription. Single point mutations in six positions of 
the TATA box reduced initiation of transcription from 0-2 to 0*01 of wild-type levels. 
A second conserved motif at the transcription start site (consensus ATGC) could be replaced 
by some sequences containing a pyrimidine-purine dinucleotide but appeared necessary for a 
maximal rate of gene transcription. Mutations altering the spacing between the two 
conserved elements demonstrated that initiation occurs at a strictly defined distance of 22 
to 27 base-pairB downstream from the TATA box. Our results support the conclusion that 
the TATA box is the major DNA region mediating promoter recognition, influencing the 
efficiency of transcription and specifying the site of transcription initiation. This 
Methanococcus promoter element closely resembles in structure and function the TATA box 
of promoters of eukaryotic protein-encoding genes transcribed by RNA polymerasell. 
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1. Introduction 
Although the DNA elements promoting gene 
transcription in bacteria and higher organisms have 
been extensively characterized, their counterparts 
in the domain of archaea (formerly archaebacteria; 
Woese et al., 1990) are poorly understood. Compari-
son of DNA sequences in the upstream region of a 
large variety of archaeal genes has revealed the 
presence of conserved elements: Wich et al, (1986) 
identified two sequences upstream from stable RNA 
genes of the genus Methanococcus, the box A motif 
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extending from position —40 to —20 relative to the 
transcription initiation site and box B at the tran-
scription start site. Statistical analyses of further 
genes revealed that a part of the box A sequence 
(TATA box) and a modified box B version are 
conserved in the 5' flanking regions of most consti-
tutively expressed archaeal genes (Thomm & Wich, 
1988; Reiter et al, 1988; Brown et al, 1989). 
However, no evidence is available demonstrating 
the importance of these conserved sequences in 
promoter function. 
One possibility of defining a promoter in a func-
tional assay is to mutagenize the putative recogni-
tion sequence and to test the effect of the alteration 
of the template on the rate of cell-free transcription 
(for a review, see Breathnach & Chambon 1981; 
Siebenlist et al., 1980). Recently, in vitro transcrip-
© 1991 Academic Press Limited 
tion Systems have been developed that synthesize 
specific transcripts from tRNA genes of Methano-
coccus vannielii (Frey et al., 1990), rRNA genes 
of Sulfolobus shibatae (Hüdepohl et al., 1990) 
and a protein-encoding gene of Methanobacterium 
thermoatUotrophicum (Knaub & Klein, 1990). The 
Methanococcus and Sulfolobus Systems initiate at the 
same site in vitro as in vivo at a distance of approxi-
mately 25 bpt dpwnstream from the TATA box. 
The ability of these enzymes to utilize the correct 
start site was shown to be strictly dependent upon 
transcription factors (Frey et al., 1990; Hüdepohl et 
al., 1990). In contrast, the Methanobacterium 
enzyme initiates at a distance of five nucleotides 
downstream from the TATA box, 21 bp upstream 
from the in vivo initiation site (Knaub & Klein, 
1990). These cell-free Systems were incapable of 
specific initiation when the complete 5'-flanking 
sequences approximately upstream from position 
— 20 had been deleted from these templates, 
suggesting that the promoter signals of archaeal 
genes reside in the DNA region upstream from the 
transcription start site (Thomm et al., 1990; 
Hüdepohl et al, 1990; Knaub & Klein, 1990). 
However, the DNA sequences mediating initiation 
of transcription have not been identified. 
Here, we used a homologous cell-free transcrip-
tion system to identify the DNA sequences required 
for transcription of the tRNA V a I gene of 
M. vannielii. The 5'-flanking region of this gene 
contains the sequence 5'-TTTATATA-3' (consensus 
TTTA T/A ATA; Thomm & Wich, 1988) between 
position -30 and -24 and 5'-TTGC-3' (consensus 
ATGC; Thomm et al, 1989) at the transcription 
start site (GTP is the Initiator nucleotide; Frey et 
al, 1990). We report on experiments locating the 5' 
boundary of this promoter and demonstrate that 
internal sequences are not required for transcription 
initiation. Furthermore, we analyze the effects of 
single point mutations in the DNA region from —33 
to +2 on the rate of cell-free transcription. From 
these studies we propose a general model for the 
structural determinants of an archaeal promoter. 
2. Materials and Methods 
(a) Bacterial strains and plasmids 
M. vannielii was grown as described (Frey et al, 1990). 
E.coli, strain JM109 (Yanisch-Perron et al, 1985) was 
used for amplification of plasmids. The plasmids pIC-19H 
and pIC-20H (Marsh et al, 1984) were used as cloning 
vectors for template constructions. 
(b) Enzymes and oligonucleotides 
Restriction endonucleases and other DNA enzymes 
were purchased from Boehringer-Mannheim or New 
England Biolabs. Radioactive nucleotides were from 
Dupont, NEN Research Products. The synthetic oligo-
nucleotides used for the construction of promoter mutants 
(Table 1) were synthesized on a gene assembler (Applied 
Biosystems). 
t Abbreviation used: bp, base-pair(s). 
(c) Preparation of extracts for in vitro transcription 
An S-100 extract from 2 g cells of M. vannielii wa« 
prepared as described (Frey et al, 1990) and applied to a 
30 ml phosphocellulose column (2emxl0cm) equili-
brated with TK buffer (50 mM-Tris• HCl (pH 8.0). 
lOOmM-KCl, 20% (v/v glycerol). The column was washed 
with 3 vol. TK buffer. The adsorbed proteins were eluted 
in 3 steps with TK buffer containing 0*35 M . 06 M and 
1-OM-KCI. One transcription factor activity was eluted at 
I O M - K C I (Frey et al, 1990). The RNA Polymerase was 
purified from the S-100 extract by DEAE-cellulose 
chromatography. An extract of 2 g cells was applied to a 
30 ml DEAE-cellulose column (2 cm x 10 cm) equilibrated 
with TMK buffer (50 mM-Tris - HCl, (pH 8-0). 
10mM-MgCl2, 50mM-KCI. 20% (v/v) glycerol). After 
washing the column with 3 vol. TMK buffer, the RNA 
Polymerase activity was eluted with 0-35M-KCI. 
(d) Trameriptional analyuis 
RNA Polymerase (20/d DEAE fraction) and transcrip^  
tion factor (20 p\ phosphocellulose eluate) were ineubated 
in transcription reactions under the conditions described 
(Frey et al, 1990). The DNA concentration was 30^g/ml 
and 2 jig/ml when circular plasmids or purified restriction 
fragments were used as template. respectively. After 
electrophoresis, the RNA producta were quantified by 
liquid scintillation counting of excised radioactive tran-
scripts. The experiments were repeated at least 4 times 
and the percentage mean activity was determined relative 
to the clone pIC31/l harboring the wild-type DNA 
sequence up to position —590, or to the construet pIC31/ 
30 (see section (h), below), 
(e) Determination of the initiatior nucleotide by 
primer extension 
Primer extension experiments were done as described 
(Frey et al, 1990). The primer used is shown in Fig. l(a). 
(f) <S\ mapping 
Unlabeled in vitro RNA from one cell-free transcription 
reaction was purified by phenol treatment and preeipi-
tated with ethanol. The nucleic acids were resuspended in 
50p\ of buffer containing 50 mM-Tris-HCl. (pH 7-5). 
10 mM-MgCl2, 01 mM-dithiothreitol. After addition of 25 
units of DNasel (RNase free; Boehringer) the template 
was hydrolyzed for 30 min at 37 °C. The RNA was purified 
again by extraction with phenol and Chloroform and 
stored at — 20 CC. 8, mapping was performed by a modifi-
cation of the procedure described by Wich et al (1986). 
Appropriate amounts of RNA (see Fig. 6(d)) and the 
corresponding end-iabeled probes (30,000 cts/min: see 
Fig. 6(a)) were denatured for 10 min at 93°C in a total 
volume of 30 fü of hybridization buffer (50 mM-Tris • HCl 
(pH 7-5), 200mM-KCl, 2*5 mM-EDTA). Hybridization was 
carried out for 3 h at 65°C. After addition of 300 p\ of S, 
buffer (280mM-NaCl, 50mM-sodium acetate (pH 4-6), 
4-5 mM-ZnS04, 20 g^ single-stranded carrier DNA/ml) and 
100 units of nuclease S1 ? the reaction mixture was ineu-
bated for 1 h at 30 °C. The reaction was stopped by the 
addition of 40/d of 4w-LiCl. Sr esistant hybrid« were 
recovered by preeipitation with ethanol and analyzed by 
polyacrylamide/urea gel electrophoresis. 
(g) Construction of template* 
The 721 bp Clal fragment of plasmid pAMT31 (Wich et 
al., 1986) harboring a tRNAV Ä l gene of M. vannielii was 
\\\ >V OQAAAA<jnWAT>frC^^^ 
* | 
TMTQTMTOAMTAQQACTC^TQQTCTAQTTQQCTATQACATCQCCCTTACAAQQCQAQ 
y-CCGO— 
asm Chi 
QQTCQCCQQTTCQAATCCQQCTGQQTCCACTATTTTAATTTTQAQCATATQTATCQATt== 
-Primer—AAGC-5' J • 
(a ) 
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Figure 1. DNA sequence of the tRNAV a l gene of M. vannielii and restriction map of plasmid pIC31/l and pIC31/2. 
(a) The sequence from —37 to 16 bp downstream from the transcription termination site is shown. DNA regions 
encoding the mature tRNAy* ! are marked by 2 parallel bars above and below the sequence. The consensus promoter 
octanucleotide is boxed and the transcription start site labeled by an asterisk. One putative terminator element (Wich et 
al., 1986) is underlined and indicated by a T. The synthetic oligonucleotide used for start site mapping experiments is 
indicated below the complementary DNA sequence. Two parallel bars in close vicinity at the 5' and 3' ends of the gene 
indicate sequences of the polylinker site of plasmid pIC-19H (Marsh et al., 1984)% Some restriction sites relevant for the 
construction of mutants are labeled by a heavy line above the Methanococcus DNA sequence. The DNA region from 
—590 to —58 (bold line) does not contain a promoter detectable by in vitro transcription. (b) Partial restriction site map 
of plasmid pIC31/2. The orientation of the tRNAV a l gene of M. vannielii inserted in the polylinker site of plasmid 
pIC-19H is shown. Two parallel bars indicate vector sequences, the shaded area the tRNAV a l gene. The tRNAV t l gene 
promoter (P) is indicated by a filled bar. Some restriction sites used for the constructions of promoter mutants are shown. 
inserted into the Clal site of the cloning vector pIC-19H 
(Marsh et al, 1984). The resulting plasmid pIC31/l (Figs 
l(a) and 2) harbors the wild-type Methanococcus DNA 
sequence from position —590 to + 131 relative to the 
transcription initiation site of the tRNAV a l gene. To 
remove the upstream region from —590 to —58, plasmid 
pIC31/l was digested with the restriction endonucleases 
EcoRl and Nsil (Fig. l(a)). The purified large fragment of 
2886 bp was treated with the Klenow fragment of DNA 
Polymerase I and circularized by ligation. The resulting 
plasmid pIC31/2 contains the DNA region from -58 to 
+ 131 (Figsl(b) and 2). 
To define the 5' end of the promoter region more 
precisely, a set of unidirectional deletion clones was 
prepared. After digestion of plasmid pIC31/2 with 'Pstl 
and Smal (Fig. l(b)), the large fragment of 2869 bp was 
purified and treated with exonuclease III and nuclease Sj 
according to the procedure described by HenikofF (1984). 
The 5' end of the Methanococcus DNA in various deletion 
clones was deterrained by dideoxy sequencing (Sanger et 
al, 1977). The sequences of 4 clones selected for this 
study, pIC31/8, pIC31/9, pIC31/10 and pIC31/ll, are 
shown in Fig. 2. 
To replace the tRNA coding region by a random 
sequence, a 2349 bp AflIII-BstBl fragment of pIC31/2 
(Fig. l(b)) containing most of the vector sequence and the 
terminator region of the tRNAV a l gene, was purified. This 
fragment was ligated with a Ddel-Afllll fragment of 
pIC31/2 harboring the DNA sequence from position -58 
to -1-5, and a 78 bp Ddel-Hpall fragment from the vector 
pIC-19H (see Fig.6(a)). In the resulting clone (pIC31/61) 
the tRNA-encoding DNA sequence from position +9 to 
H-82 is replaced by a non-coding sequence of E. coli DNA 
(Fig.6(a)). 
(h) Construction of single-point mutations in the 
promoter region 
Point mutations of the tRNA™ gene were constructed 
using complementary oligonucleotides as adaptors. A 
589 bp #coO109I-ß«pHI fragment containing the tRNA 
gene without the promoter and a small part of the vector 
were isolated from pIC31/2 (Fig. l(b)). The second part of 
the vector was isolated in a 2233 bp Ps*I-#coO109I frag-
ment from pIC31/2 (Fig. l(b)). In a ligation reaction equi-
valent amounts of molecules of both fragments were 
incubated with the oligonucleotides 31/30A and 31/30B 
(Table 1), Usually, oligonucleotides were added in a 100-
fold excess. The 2 oligonucleotides hybridized in the reac-
tion and the overhanging ends of the adaptor are on one 
Table 1 
List of oligonucleotides used for the construction of Single point mutations in the promoter region of 
the tRNAVat gene 
Resulting 
Oligonucleotides used (ö' to 3') plasmid 
31/30A: A A A A G T T T A T A T A T 
31/30B: CATGATATATAAACTTTTTGCA pIC31/30 
31/51A: A A G A G T T T A T A T A T 
3I/51B: CATGATATATAAACTCrriTGCA pIC31/5l 
31/50A: A A A A T T T T A T A T A T 
31/50B: 0 ATG AT AT ATA A A ATTTTTGO A pl('31/5ü 
31/31A: A A A A G G T T A T A T A T 
31/31B: CATGATATATAACCTTTTTGCA plC31/3l 
31/32A: A A A A G T G T A T A T A T 
31/32B: CATGATATATACACTTTTTGCA pIC3l/32 
31/35A: AAAAGGGTATATAT 
31/35B: CATGATATATACCCTTTTTGCA pl(J31/3fi 
31/33A: AAAAGTTGATATAT 
31/33B: CATGATATATCAACTTTTTGCA plC31/33 
31/43A: A A A A G T T T G T A T A T 
31/43B: CATGATATACAAACTTTTTGCA plC3l/43 
31/44A: A A A A G T T T A G A T A T 
31/44B: CATGATATCTAAACTTTTTGCA pIC3l/44 
31/45A:P A A A A G T T T A T G T A T 
31/45B: CATGATACATAAACTTTTTGCA plC31/45 
31/34A. AAAAGTTTATAGAT 
31/34B: CATGATCTATAAACTTTTTGCA plC31/34 
31/46A: A A A A G T T T A T A T G T 
31/46B: CATGACATATAAACTTTTTGCA pH :31/46 
31/47A: A A A A G T T T A T A T A G 
31/47B: CATGCTATATAAACTTTTTGCA pJ(!3l/47 
31/48A: AAAAGTTTATATATCGTGAATACTATGTTTAGTTTGOTC 
31/48B: TGAGAGCAAACTAAACATAGTATTCACGATATATAAACTTTTTGCA pIC31/48 
31/49A: CATGGATACTATGTTTAGTTTGCTC 
31/49B: TGAGAGCAAACTAAACATAGTATC PIC31/49 
31/57A: CATGAATACTATGTTTAGTTTGATC 
31/57B: TGAGATCAAACTAAACATAGTATT plC31/57 
31/53A: CATGAATACTATGTTTAGTTTTCTC 
31/53B: TGAGAGAAAAOTAAACATAGTATT pIC31/63 
31/56A: CATGAATACTATGTTTAGTTAGCTC 
31/56B: TGAGAGCTAACTAAACATAGTATT pIC31/öfl 
31/59A: AAAAGTTTATATAAATCTAGAATTCTATAGTTATTGCTC 
31/59B: TGAGAGCAATAACTATAGAATTCTAGATTTATATAAACTTTTTGCA pl031/59 
31/54A. CATGAATATACTCTATGTTTAGTTTGCTC 
31/54B: TGAGAGCAAACTAAACATAGAGTATATT pIC3l/54 
31/55A: CATGAATATACTTACTATGTTTAGTTTGCTC 
31/55B: TGAGAGCAAACTAAACATAGTAAGTATATT plC31/55 
31/60A: CATGAAATGTTTAGTTTGCTC 
31/60B: TGAGAGCAAACTAAACATTT pIC31/Ö0 
side complementary to the 3' extension of the Pstl site of 
the Pstl~-EcoO\Q91 fragment. On the opposite side of the 
fragment the ends are compatible to the extension of the 
BspHI site of the second fragment. Therefore, an intact 
plasmid could be generated by the ligation of 2 larger 
fragments with 2 double stranded synthetic oligonucleo-
tides. The ligated plasmids were transformed into E. coli 
JM109, The resulting plasmid pIC31/30 contains the wild-
type M ethanoccoccus DNA sequence from —35 to -1-131 
and served as a wild-type reference (Fig. 3). The clones 
pTC31/51, pIC31/50. pIC31/31, pIC31/32, pIC31/35, 
pIC31/33, pIC31/43? pIC31/44, pIC31/45, pIC31/34, 
pIC31 /46 and pI031/47 (Figs 3 and 4) were constructed in 
the same manner by using the corresponding oligonucleo-
tides indicated in Table 1. The sequences of all clones 
containing Single point mutations were verified by 
dideoxy sequencing. 
To create clones pIC31/48 and pIC31/59 (Figs 4 and 5) a 
2650 bp Pstl-Bglll fragment and a 150 bp Ddel-BglU 
fragment were isolated from pIC31/2 (Fig. l(b)). The large 
fragment served as vector and the small fragment 
contained the tRNAV a l gene from position + 4 to the 3' 
end. These fragments were ligated with oligonucleotides 
31/48A, 31/48B or 31/59A, 31/59B to construct plasmid 
31/48 and 31/59, respectively. The ends of the hybridized 
oligonucleotides are compatible with the Pstl and Ddel 
restriction site extensions. 
For constructing plasmid pIC31/49 (Fig. 4), 3 DNA 
restriction fragments were purified. The 152 bp Ddel-
Hindlll fragment containing the tRNA V s l gene without 
the promoter and the 1865 bp Hindlll-AltoN I fragment 
harboring about 2/3 of the vector were isolated from 
pIC31/2 (Fig. l(b)). An Alwm-BspBl fragment 
containing the Methanococcus promoter DNA region from 
— 35 to —20 and the residual third of the vector was 
purified from pIC31/^ 0. Equivalent amounts of molecuJes 
of the 3 fragments were incubated in a ligation reaction in 
the presence of oligonucleotides 31/49A and 31/49B 
(Table 1). The ends of the hybridized oligonucleotides are 
compatible with the BspHl and Ddel restriction site 
extensions. After transforming into E.coli JM109, the 
introduction of Single point mutations was verified by 
dideoxy sequencing. The clones pIC31/57, pIC31/53, 
pIC31/56, pIC31/54, pIC31/55 and pIC31/60 (Figs 4 and 
5) were constructed in the same manner by using the 
corresponding oligonucleotides (Table 1). 
Plasmid DNA was purified by repeated centrifugation 
in CsCl density gradients as described (Thomm & Wich, 
1988). 
3. Results 
(a) Location of the 5' end of the promoter 
The cell-free transcription system used for this 
study was reconstituted from two protein fractions 
purified from a soluble extract (S-100) of 
M. vannielii by phosphocellulose and DEAE-cellu-
lose chromatography (Materials and Methods). 
When plasmid pIC31/l harboring the wild-type 
DNA sequence up to position — 590 upstream from 
the transcription initiation site was used as a 
template in an in vitro transcription reaction an 
RNA product of 117 nucleotides was observed 
(Fig. 2, lane 2). This is the size expected for a tran-
script corresponding to the pre-tRNA synthesized in 
Methanococcus cells (Wich et al., 1986). No specific 
transcript could be detected when the vector DNA 
I 2 3 4 5 6 7 Lane 
1 Vector pIC-19H 
Relative 
transcriptional activity 
-590 
2 PIC31/1 c^mmmjfm 
3 piC31/2 
58 -30 
1 1 
-38 
[ 
100 
92 t 29 
Primary m m m m ¥ 
transcript 
4 piCSl/8 «nenne COGAiVAAGfTnTOÄ)lWGA 122 127 
-35 
5 pK31/9 
6 pIC 31/10 
7 pIC 31/11 
AAAAG|fröTO^TCXrGA 131 ±39 
45 • 23 |TTTKIXIÄ)reflroA 
-24 
t 1 
| TAITCATOA 4 12 
Figure2. Localization of the upstream boundary of the tRNAV a J gene promoter. The DNA upstream regions of the 
various 5' deletion clones and their template activities are shown. The filled bar represents Methanococcus wild-type DNA 
and 2 parallel bars, vector DNA. The 5' ends of the various deletion clones are labeled by arrows. Lower case letters 
indicate vector DNA sequences, upper case letters Methanococcus DNA. The position of the first nucleotide of the TATA 
box is indicated in lane 3. The other Symbols are as for Fig. 1. The relative transcriptional activities of the various clones 
were determined after polyacrylamide/urea gel electrophoresis of in vitro RNA (Frey et al., 1990). The labeled RNA 
produets were excized from the gel and quantitated by Cerenkov counting. The numbers on top of the gel correspond to 
the numbers designating the corresponding DNA sequences at the right side of the Figure. The amount of radioactivity 
not entering the gel is proportional to the amount of specific transcripts. This high molecular weight RNA was absent 
when run-off transcripts were analyzed (data not shown). Therefore, these RNA produets appear to be caused mainly by 
read-through at the primary terminator. 
Lane Plasmid 
1 pIC 31/30 
2 pIC 31/51 
pIC 31/50 
pIC 31/31 
pIC 31/32 
pIC 31/35 
pIC 31/33 
8 pIC 31/43 
9 pIC 31/44 
DNA sequence 
Relative 
transcriptional activity 
AAAACS^^^^rCATOAATACTATGTrrAOT^S 
A A G A a ^ ^ ^ ^ K ^ T O A A T A C T A T G T T T A C r l ^ S 
A A A A 3 ^ ^ ^ ^ n ^ T O A A T A C T A T t n T T A a i ^ ® 
AAAAG^WASrcATQAATACTATOTrTAOT^S 
AAAAG^^^fS lX^TaAATACTATaTITACn^S 
A A A A Q ^ ^ ^ ^ T C A T O A A T A C r A T G m A O l ^ S 
AAAAG^^^^gTCATOAATACTATCmTAOT^^ 
A A A A G ^ ^ ^ ^ r X ^ T O A A T A C T A T t n T T A O T ^ S 
A A A A G ^ ^ ^ ^ I X ^ T a A A T A C T A T O T I T A C n ^ S 
100 
45 ± 13 
94 ± 26 
58 ± 4 
13 ± 5 
3 ± 2 
21 ± 6 
10 ± 5 
3 ± 2 
Primary ^ 
transcript 
Figure 3. Effects of site-specific mutations in the DNA region from —33 to —26 on promoter function. The wild-type 
DNA sequence of the promoter region of the tRNAV i l gene between —35 and -f 2 is shown (lane 1). The various single 
point mutations and the double mutation (lane 6) are indicated by bold characters. The TATA box and the initiator 
element are boxed. The transcriptional efficiencies are indicated on the right. A gel electrophoretic analysis of the RNA 
produets from the corresponding templates is shown below the sequence. Only the section of the gel relevant for the 
quantitation of transcripts is shown. LaneO shows the transcripts from pIC31/2 containing the wild-type sequence up to 
position —58, for comparison. 
not containing a tRNA gene was employed as a 
template (Fig. 2, lane 1).A primer extension experi-
ment (Fig. 5(b), left side, lane 1) and sequence 
analysis (data not shown) of in vitro transcripts 
from pIC31/l revealed that the RNA initiates at the 
same site as in vivo. These results indicate that this 
reconstituted Methanococcus system initiates and 
terminates transcription faithfully in vüro as well as 
the RNA Polymerase fraction purified from the 
S-100 extract by glycerol gradient centrifugation 
(Frey et al., 1990). 
To identify the DNA region required for initiation 
of transcription in a methanogen, a series of dele-
tions was introduced into the DNA 5' to the 
tRNA V a l gene of M. vannielii by cleavage of plasmid 
pIC31/l with restriction enzymes (Fig. 2, lanes 2 
and 3) or digestion with exonuclease III (Fig. 2, 
lanes 4 to 7). The deletion mutants were ligated at 
the 5' end with DNA sequences originating from the 
vector. The template activity of circular plasmids 
was determined relative to the activity of pIC31/l 
in cell-free transcription experiments. When the 
wild-type DNA between position —590 and —58 
was deleted the resulting plasmid was transcribed 
with a similar efficiency as pIC31/l (Fig. 2, lanes 2 
and 3). This finding indicates that the region 
upstream from position —58 is not essential for 
initiation of transcription. After removal of the 
sequence between —58 and —35 the efficiency of 
tRNA expression was siightly increased (lanes 4 and 
5), suggesting that this region contains a negative 
regulatory element. The corresponding plasmids 
pIC3i/2 and pIC31/8 differ also in the vector 
sequence 5' to the Methanococcus DNA (Fig. 2, lanes 
3 and 4). Therefore, we cannot exclude the possi-
bility that. the increase in promoter activity is 
caused by some stimulatory effect of the substi-
tuting sequence. A 5' deletion extending to position 
— 30 retained levels of specific transcription that 
were about 50% of wild-type levels (lane 6). An 
almost complete inactivation of transcription was 
observed when six (lane 7) or seven nucleotides 
(data not shown) of the TATA box were removed. 
Mutant DNAs with deletions extending to position 
4-3 were also inactive (data not shown). Thus, the 
sequences between — 30 and — 24 appears to be 
essential for accurate initiation of transcription, 
suggesting that the TATA box is a major element of 
the Methanococcus promoter. Although not 
absolutely required for cell-free transcription, the 
DNA sequence from -35 to -30 also contributes to 
promoter function. 
(b) Analysis of single point mutations in the 
promoter region 
To provide unequivocal evidence for the signifi-
cance of the TATA box as a promoter signal and to 
define the internal Organization of the tRNA V a l 
promoter, we introduced 16 single point mutations 
in the DNA region between — 33 and + 2 (Figs 3 
and 4). Unless otherwise indicated, an A or T 
Relative 
Lane Plasmid DNA sequence transcriptional activity 
1 pIC 31/45 AAAACXrTTATGTAlTCATOAATACrA'lXfrrrAiJiliiäd 16 ± 3 
2 pIC 31/34 AAAAärTTATAGAlICATGAAT^ 1 * 1 
3 pIC 31/46 AAAAGTrTTATATCTXl\TOAATACTATQra 39 ± 4 
4 pIC 31/47 AAAAGfTTTATATAlQCATaAATACTATOTTTAOT^ 105 ± 11 
5 pIC 31/48 AAAATJITrATATARTXS^ 95 ± 30 
6 pIC 31/49 AAAAOTITTATATArtX^^ 115 ± 54 
7 pIC 31/57 AAAAGOTTTATATMtZATGAATACTAT^ 72 ± 19 
8 pIC 31/53 AAAAjGnrrTATATAlICATÜAATACrAT^ 1 ± 1 
9 pIC 31/56 AAAACirn'ATATA/ICATOAATACTATOTTT^^ 48 ± 8 
10 pIC 31/30 AAAAOITrATATAirCATOAATACT 100 
1 2 3 4 5 6 7 8 9 SO 
Primary 
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Figure 4. Effects of site-specific mutations in the DNA region from -25 to +2 on promoter function. The location of 
single point mutations is indicated and the transcriptional activities of the various site-specific mutants were determined 
as indicated for Fig. 3. 
residue of the wild-type sequence was replaced by a 
G. To facilitate the introduction of this alteration, 
the wild-type DNA sequence from position —35 to 
+ 3 was synthesized by the use of oligonucleotides 
and ligated to the tRNA encoding region (see 
Materials and Methods). The transcripts of the 
resulting clone (pIC31/30) were initiated with 
eomparable efficiency to that for those from pIC31/2 
harboring the wild-type upstream region extending 
to position —58 (compare lanes 0 and 1 in Fig. 3). 
For purposes of this study we refer to pIC31/30 as 
wild-type. The various clones indicated in Figures3 
and 4 differ from the wild-type sequence in the 
region from —35 to position +131 relative to the 
transcription initiation site only in a single 
base-pair. 
When the A residue at position —33 was substi-
tuted by a G residue, the rate of transcription was 
reduced to 45% (Fig. 3, lane 2), confirming that the 
DNA region directly adjacent to the 5' end of the 
TATA box also augments the initiation process. The 
replacement of the G by a T, at position —31 and 
mutations of some positions downstream from the 
TATA box did not lead to a pronounced effect on 
the promoter activity of the template (Fig. 3, lane 3; 
Fig. 4, lanes 4 to 6). A mutation of the first and last 
positions of the TATA box octanucleotide decreased 
the tRNA expression rate only to about 60% and 
40% of wild-type levels (Fig. 3, lane 4; Fig. 4, 
lane 3). However, single point mutations in all other 
positions of the TATA box dramatically reduced or 
completely abolished the activity of this promoter 
(Fig. 3, lanes 5 and 7 to 9; Fig. 4, lanes 1 and 2). A 
double mutation of both the first and second posi-
tions of the TATA box reduced the promoter activity 
to about 0-01 of wild-type levels (Fig. 3, lane 6). The 
T - * G transversions at position 5 and 7 of the 
TATA box had the most severe effect on promoter 
function (no significant residual activity). However, 
the A -> G transition at position 4 led to a stronger 
reduction in the transcription rate (residual activity 
10%) than the T - * G transversion at position 3 
(20%). This finding suggests that the various posi-
tionaof the TATA box differ in their contribution to 
promoter strength. The effect exerted by the type of 
substituting base-pair seems to be less important. 
To investigate the role of the second conserved 
element (ATGC) at the transcription start site 
(Wich et al, 1986; Reiter et al, 1988; Thomm et al., 
1989) in promoter function, three positions of this 
element were altered. When the initiator nucleotide 
G was replaced by a T the template activity was 
completely abolished (Fig. 4, lane 8). Substitution of 
the C at position +2 and of the T at position — 1 by 
an A residue resulted in a milder reduction of the 
rate of transcription. The remaining activities were 
70% and 50% of wild-type levels, respectively 
(Fig. 4, lanes? and 9). The initiator nucleotides of 
transcripts from pIC31/57 and pIC31/56 were iden-
tified by a primer extension experiment (Fig. 5(b), 
right part). Transcription initiates at the G of the 
TTGA sequence on pIC31/57 (lane 7) and at the A of 
the TAGC sequence on pIC31/56 (lane 6). This 
finding suggests that initiation of transcription 
preferably occurs at a purine preceded by a pyrimi-
dine residue. 
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Figure 5. Effects of mutations in the spacer region between the TATA box and the transcription start site cm the 
efliciency of cell-free transcription and start site selection. (a) Clones with 14 Single point mutations (lane 2), insertions of 
4 (lane 3) and 6 bp (lane 4) and a deletion of 4 bp (lane 6) were transcribed in vitro and the template activities eompared 
with transcripts from the wild-type DNA sequence (lane I). The inserted nucleotides are shown boxed above the 
sequence; the site of insertion is labeled by an arrow. A4 designates a deletion of 4 nucleotides. Line 8. extended DNA 
sequence of the initiator nucleotide point mutant pIC31/53 analyzed in Fig. 4, lane 8. The distance from the purine 
residues next to the initiator nucleotide to the TATA box is designated to illustrate that the promoter-down phenotype 
of this mutant is probably due to the lack of purines at the eorrect distance to the TATA box. (b) Mapping of the 5' end 
of transcripts by primer extension analysis. Unlabeled in vitro RNA transcribed from plasmid pIC31/3(), the spacer 
mutants indicated in lanes 3 to 5 of (a) and the single-point mutante of the initiator element (lanes tf and 7) were 
annealed with a Single-stranded 5' end-labeled primer (Fig. l(a)) and extended with reverse transcriptase under the 
conditions described (Frey et a/., 1990). Left part: analysis of spacer mutants; right part: analysis of Single point mutants. 
The lane labeled c is a control reaction without ribonucleoside triphosphates during the transcription reaction. The 5' end 
of the reverse transcriptase produets from the wild-type, pIC31/54 and pIC31/57 are labeled by a large arrow and those 
from the mutants pIC31/55} pIC31/60 and pIC31/56 by small arrows. The same primer was used for the DNA sequencing 
reactions shown as Standard. C, T, A and G indicate DNA sequencing lanes. The DNA sequence complementary to the 
sequence of the reverse transcriptase produet is shown to the left and the right of the correponding panels. The 
transcription start sites at some mutant promoters are indicated within the sequence. 
(c) Analysis of the später region and the role of 
the distance between the TATA box and the 
initiator element 
Figure 4 shows that single point mutations in the 
spacer region between the TATA box and the initia-
tion start site have no pronounced effect on cell-free 
transcription (lanes 4 to 6). Even a template 
containing 14 mutations in this region retained 
levels of transcription that were 40% of wild-type 
levels (Fig. 5(a), lane 2). These findings suggest that 
the sequence of the spacer between the conserved 
elements may modulate promoter strength, but is 
not essential for faithful initiation of transcription. 
To address the question whether the distance of 
the TATA box relative to the ATGC motif is impor-
tant for a functional promoter we introduced and 
deleted sequences in the spacer region (Fig. 5). After 
insertion of 4bp at position —13, the rate of tran-
scription was reduced to 30%. The RNA product 
showed the same electrophoretic mobility as the 
primary transcript from the wild-type template 
(Fig. 5(a), lanes 1 and 3). This finding suggests that 
the transcript from pIC31/54 initiates at the wild-
type initiation site. This was confirmed by a primer 
extension experiment (Fig. 5(b), left side, compare 
lanes 1 and 3). Therefore, the distance of the 
initiator nucleotide from the last position of the 
TATA box can vary from 22 bp (pIC31/56) to 27 bp 
(pIC31/54), although the efficiency of transcription 
is lower when the distance deviates from the wild-
type Situation. However, when 6bp were inserted 
(Fig. 5(a), lane 4) or 4bp were deleted (Fig. 5(a), 
lane 5) the corresponding transcripts were longer 
and shorter, respectively (Fig. 5(b), lanes 4 and 5), 
indicating that initiation of transcription occurred 
at different sites. A primer extension experiment 
revealed that the RNAs transcribed from the inser-
tion clone pIC3I/55 and the deletion clone pIC31/60 
initiate at adenosine residues located five nucleo-
tides upstream and six nucleotides downstream 
from the wild-type initiator nucleotide, respectively 
(Fig. 5(b), left side, lanes 4 and 5). The distance of 
the initiation site of these transcripts from the 
TATA box is 24 bp and 25 bp, respectively. These 
results show that initiation of transcription occurs 
outside the ATGC element when it is placed 19 or 
29 bp downstream from the TATA box. The alter-
nate initiation sites TTAG and TCAG share the 
presence of two pyrimidine residues upstream from 
the initiator purine. The latter sequence shows 
homology to the wild-type sequence TTGC only in a 
single position. This finding argues against the 
importance of the ATGC motif. On the other hand, 
no initiation of transcription was detectable when 
the G at position +1 was replaced by a T (pIC31/53; 
Fig. 4, lane 8). The transcriptional machinery 
apparently is unable to initiate at the pyrimidine 
residues located at the correct distance. Further-
more, it cannot utilize the G residue 19 bp or the A 
residues 29 bp downstream from the TATA box as 
alternate initiator nucleotide (Fig. 5(a), lane 8). 
These data support the conclusion that the minimal 
requirement for a functional promoter is the pre-
sence of a pyrimidine-purine dinucleotide at a 
distance of 22 to 27 bp downstream from the TATA 
box. However, at the m/Hl promoter of 
M. thermolithotrophicus initiation of transcription 
can occur at a pyrimidine residue located at a 
distance of 23 bp downstream from the TATA box 
when a purine is adjacent to it (H. P. Göhl, 
W. Hausner & M. Thomm, unpublished results). 
(d) The role of internal DNA sequences 
To investigate a possible promoter function of 
internal DNA sequences, the DNA region extending 
from position +6 to +88 of the tRNA V a l gene was 
deleted and replaced by a DNA fragment of 78 bp 
originating from the E.coli plasmid pIC-19H 
(Fig. 6(a); Materials and Methods). Analysis of cell-
free transcripts from this template revealed the 
presence of two RNA produets (Fig. 6(b), lane 2). 
The intensities of these RNA bands were weak when 
compared with transcripts from the wild-type 
template pIC31/2 (lanel). In the experiments 
described in Figures2 to 5(a) we analyzed tran-
scripts from circular templates. Under these condi-
tions, the synthesis of distinet RNA produets was 
dependent upon both correct initiation and termina-
tion of transcription. The DNA sequences mediating 
termination of transcription in archaea have not yet 
been identified. Also in plasmid pIC31/61 DNA 
sequences close to the 3' end of the tRNA V a l gene 
have been replaced which might be essential for 
termination of transcription, Thus, the lower 
intensities of the RNA bands transcribed from 
plasmid pIC31/61 (Fig. 6(b), lane 2) might be caused 
by inefficient initiation or termination of transcrip-
tion. To discriminate between these possibilities we 
analyzed runoff transcripts from linear DNA restric-
tion fragments of pIC31/2 and pIC31/61 (Fig.6(a), 
lower part, left side). In a second set of experiments, 
initiation of transcription at both templates was 
measured by a quantitative S x mapping procedure. 
When purified DNA fragments of plasmids 
pIC31/2 and pIC31/61 containing the promoter but 
cleaved upstream from the transcription termina-
tion site were used as templates in cell-free tran-
scription reactions, distinet RNA produets were 
synthesized (Fig. 6(c), lanes 3 and 4). The size of 
these transcripts was 89 and 47 nucleotides/respec-
tively, as predicted from the length of the DNA 
fragments. This finding indicates that these RNAs 
initiate at the promoter and terminate at the end of 
the linearized template. These runoff transcripts 
from pTC31/2 and pIC31/61 showed comparable 
intensities, indicating that initiation of transcrip-
tion occured at similar rates on both templates. 
To investigate whether transcripts from super-
coiled pIC31/2 and pTC31/61 initiate at a similar 
rate, an S x mapping procedure was used. When 
varying amounts of unlabeled in vitro transcripts 
from these templates were added to an excess of the 
corresponding 32P-end-labeled probes (Fig. 6(a), 
lower part, right side), the band intensities of S r 
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Figure 6. The role of internal DNA sequenees. (a) Templates depleted of tRNA coding sequenees and üSi probes. The 
DNA region from position 4-6 to +87 of pIC3I/2 has been replaced by a fragment of 78 bp derived from plC-löH 
(Materials and Methods). This E. coli DNA sequence and a map of the resulting clone pIC31/6l is shown at the top. The 
DNA sequences encoding the DHU and T4*C stem and loop required for initiation of transcription at eukaryotic tRNA 
genes are indicates by shaded boxes; -+ indicates nucleotides which are by chanee identical to the tRNAv*' coding 
sequence (note that the first 3 and the last nucleotide of the replacing sequence are identical to the wild-type tRNA 
sequence). The other symbols are as for Fig. 1. The relative activities of runoff transcripts from pTC31/2 and pTC31/61 are 
shown to the right. The value for pIC31/61 was corrected according to the different II content of the shorter runoff 
transcript from this template (14 eompared to 22 uridine residues; the RNA was labeled with fa-32P]UTP). Left side, 
lower part: DNA fragments used as templates for runoff transcription assays. The length of the corresponding transcripts 
initiating at the transcription start site (+ 1) and terminating at the end of the DNA fragment are indicated. Right side, 
lower part: the 32P-end-labeled probes for St analysis derived from pIC31/2 and pTC31/61 are shown. 99 b and 103 b 
indicate the lengths (bases) of the corresponding fragment protected from Ht digestion by in vitro RNA. The probes were 
used to quantitate transcripts from the clones indicated in the Figure. (b) Direct analysis of cell-free transcripts. Labeled 
transcripts from supereoiled pIC31/2 (lane l) and pIC31/61 (lane 2) were analyzed by Polyacrylamide/urca gel 
electrophoresis. The transcripts in lane 2 are shorter since the DNA sequence from 4-B to +87 has been replaced by a 
fragment of 78 bp in pIC3l/61. As shown in (c) and (d), transcription initiates at both templates with wimilar efficiency. 
The deletion of internal sequences appears to affect the process of terraination of transcription. The presence of 2 weak 
transcripts of similar size from pIC31/61 is indicative for inaccurate termination. Note. furthermore, that the amount of 
high molecular weight RNA not entering the gel is increased in lane 2, which might be caused by read-through at the 
terminator. This finding, in addition, is consistent with the assumption that pIC31/6l lacks sequences neeessary for 
efficient termination of transcription. (c) Analysis of transcripts from linearized templates. Purified DNA restriction 
fragments ((a) lower part, left side) of the various plasmids shown at the top of the Figure were used as templates in cell-
free transcription reactions. Lane 1, molecular weight Standard (32P-end-labeled fiinü fragments of pßR322), the size of 
some Standards and of runoff transcripts from the corresponding templates (89 and 47 nucleotides, respectively) are 
shown to the left and the right. (d) S, mapping of in vitro transcripts from supereoiled templates. 32P-end-labeled probes 
derived from pIC31/2 and pIC31/61 (a) lower part. to the right) were annealed with unlabeled in vitro RNA transcribed 
from the templates indicated at the top of the corresponding lanes and treated with nuclease S, (Materials and Methods). 
The Sr esistant hybrids were analyzed on a 6% (w/v) polyacrylamide/urea gel. The amount of RNA added to the probe 
was 1, 2 and 5% of a transcription reaction as indicated on top of the corresponding lanes. 
signals were directly proportional to the amount of 
RNA (Fig. 6(d), lane 1 to 3, and data not shown). At 
a given RNA concentration, the amount of probe 
protected from Sj digestion was similar for pIC3l/2 
and plC31/61 (Fig. 6(d), lanes 2 and 6). This finding 
Supports the eonclusion that both templates show 
comparable promoter activities. Hence, internal 
DNA sequenees are not required for transcription 
initiation. The low amount of specific RNA 
produets transcribed from pIC31/6l (Fig. 6(b). 
lane 2) thus appear to be caused by inefficient termi-
nation of transcription. 
Both the runoff and Sj-assay were used to re-
examine the effects of some promoter mutations on 
the rate of transcription initiation. When tran-
scripts from pIC31/49, pIC31/34 and pIC31/31 were 
analyzed by these techniques these mutants showed 
a mild promoter-up (Fig. 6(c), lanel), a severe 
promoter-down (Fig. 6(c), lane 5; (d), lane 4) and a 
medium promoter-down (Fig.6(c), lane 2; (d), 
lane 5) phenotype, as expected, These results 
further substantiate the conclusions derived from a 
direct analysis of in vitro RNA produets shown in 
Figures 2 to 5(a). 
4. Discussion 
We have identified two elements Controlling 
initiation of transcription of the tRNA V a l gene of 
M. vannielii. Several lines of evidence indicate that 
the TATA box octanucleotide centered at —25 is 
the major structural determinant of an archaeal 
promoter. First, we (Thomm et al., 1990) and others 
(Knaub & Klein, 1990; Hüdepohl et al, 1990) have 
shown that archaeal genes depleted of the DNA 
region upstream from position — 20 show no or 
reduced template activity in cell-free transcription 
experiments. Furthermore, the results of this study 
demonstrate that deletions progressively 
approaching the promoter from the 5' end have no 
dramatic effect on the rate of transcription until 
they reach the sequence between —35 and —24 
(Fig. 2). Finally, we show here that site-specific 
mutagenesis of six positions of the sequence located 
between position —29 and —23 upstream from the 
t R N A V a l gene decreases the rate of transcription 
drastically. This finding indicates that these nucleo-
tides are essential for promoter function (Figs 3 and 
4; the results are summarized in Fig. 7(b)). 
The role of the second conserved element, located 
at the transcription start site, in promoter function 
is less elear. Point mutations in this region clearly 
decrease promoter activity (Fig. 7(b)). However, our 
data suggest that it is not absolutely required for 
correct initiation of transcription. Analysis of the 
spacer deletion and Insertion clones pIC31/60 and 
pIC31/55 demonstrates (Fig. 5, lanes 4 and 5) that 
the components of the transcriptional machinery 
selecting the transcription start site are not 
primarily influenced by the location of the ATGC 
sequence. Transcription initiates at a strictly 
defined distance 22 to 27 bp downstream from the 
TATA box. Thus, the TATA box and not the ATGC 
motif is the major structural DNA element speeify-
ing the transcription start site. However, the severe 
promoter-down phenotype of the wild-type initiator 
mutant pIC31/53 (Fig. 4, lane 8) indicates that a 
second sequence downstream from the TATA box is 
necessary for promoter activity, Our data suggest 
that a strong contact in the TATA box region 
directs the RNA polymerase and/or transcription 
factors to the promoter. A second weak contact 
between the RNA polymerase and the initiator 
motif or a pyrimidine-purine dinucleotide possibly 
anchors the active center of the enzyme at the site 
where the polymerization reaction Starts. 
Analyses of transcripts from the spacer mutant 
clones pIC31/55, pIC31/60 and of the initiator 
nucleotide point mutation pIC31/53 demonstrate 
that the transcriptional machinery of Methanococcus 
cannot utilize the purine residues located at a 
distance of 19 and 29 bp downstream from the 
TATA box as initator nucleotides. Our results 
suggest that the potential of the Methanococcus 
RNA polymerase to initiate transcription is strictly 
limited to the DNA region from 22 to 27 bp down-
stream from the TATA box, with an optimum 
initiation rate at a distance of 23 bp. Among wild-
type promoters of methanogens the spacer between 
the TATA box and the initiation site varies in 
length from 18 to 24 bp (Fig. 7(a)). These data 
support the conclusion that the correct distance 
between these two promoter elements is also very 
critical for promoter function in other genera of 
archaea. Contradictory to this is the finding that the 
Methanobacterium RNA polymerase initiates tran-
scription in vitro 5 bp downstream from the TATA 
box of the methyl CoM reduetase Operon (Knaub & 
Klein, 1990). However, the presence of a transcrip-
tion factor in the Methanobacterium RNA Poly-
merase preparation was not demonstrated. Thus, a 
possible rationale for this unusual start site could be 
provided by the Observation of Hüdepohl et al. 
(1990) that the semi-speeifie initiation by the puri-
fied RNA polymerase of Sulfolobus at ATGC-like 
sequences can be repressed by the addition of a 
transcription factor. In light of this and our data it 
appears Hkely that the Methanobacterium system, 
initiating at an ATGA sequence, could be lacking a 
component selecting the correct start site. 
All the single point mutations decreasing homo-
logy to the consensus sequence at — 25 and at the 
initiation start site confer a severe, or an at least 
medium, promoter-down phenotype (Fig. 7). Thus, 
homology to the consensus, especially in positions 2 
to 7 of the TATA box appears to be correlated with 
promoter strength. An argument supporting this 
conclusion is that strong promoters of methanogens, 
e.g. those for genes encoding stable RNAs, display 
high homology to the canonical TATA box and 
initiator motif (Fig. 7(a)). Among archaea, promoter 
sequences show an unexpectedly high degree of 
homology between phylogenetically quite distinet 
genera, such as Methanococcus and Sulfolobus 
(Thomm & Wich, 1988; Reiter et al., 1988). All 
promoters hitherto mapped in methanogens do not 
contain a G residue at positions essential for 
promoter function in the Methanococcus system 
(Fig. 7(a)). However, one distinet difference can be 
recognized: the promoters of extreme halophiles 
have a G residue instead of an A at position 6 of the 
consensus (Thomm et al., 1989). A G residue at this 
position would not allow initiation in the 
Methanococcus system. However, this difference in 
the consensus can be correlated with the G + C 
content of the cellular DNA, which is 60% in 
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Figure7. Consensus promoter sequences in methanogens and effects of single point mutations on promoter function. 
(a) Consensus sequences of protein-encoding and stable RNA genes of methanogens. Sequences upstream from mapped 
Promoters for stable RNA (Ist line) and protein-encoding genes (2nd line) were aligned to yield maximum homology. The 
frequencies of a particular base at each position of the consensus is indicated by subscripts. Note the high homology of 
both the TATA box and the initiator element to the consensus and the constant spacing of these elements among strong 
Promoters of tRNA/rRNA genes. The consensus shown in line 3 is based on comparison of DNA sequences upstream 
from 14 transcription start sites which have been mapped in vivo (Brown et al., 1989; Souillard & Sibold, 1989; Baier et 
al., 1990; Eggen et al., 1990; Weil et al., 1989) or in vitro (Frey et al., 1990). The sequence of an rRNA promoter of 
Methanobacterium thermoautotrophicum proposed by Ostergaard et al. (1987) was not included in this comparison since 
this gene is preceded by a 7 S RNA gene that had been noticed later (Haas et al., 1990). Therefore, the authors tnay have 
mapped a processing site. The Variation of the distance between the TATA box and the transcription start site is 
indicated. The TATA element and the ATGC motif are boxed. (b) Summary of the effects of single point mutations on 
the template activity of the tRNAV a l gene in cell-free transcription experiments. The sequence of the promoter region of 
the tRNAV a l gene of M. vannielii is shown below the consensus sequence derived for methanogens (a). Single point 
mutations conferring a weak, medium and severe promoter-down phenotype (residual activity > 70%. > 30% and 
< 30%. respectively) are indicated by short, medium and long arrows directed downwards. Arrows directed upwards 
indicate weak promoter-up mutations. 
Halobacterium, and approximately 30% in 
Methanococcus and Sulfolobus (Boone & Mah, 1989; 
Grant & Larsen, 1989). Hence, a structural analysis 
based on more promoter sequences may reveal 
genus-specific variations of the Methanococcus 
consensus theme, especially in organisms with high 
G+C content of the DNA. However, the basie 
structural features of constitutively expressed 
promoters appear to be similar in the genera of 
archaea inspected so far. 
A-fT-rich sequences also constitute a major 
element of most promoters of E. coli and a number 
of promoters directing transcription of pre-mRNA 
by RNA polymerasell. Curiously, the most impor-
tant part of the archaeal promoter identified in this 
study is a hexameric sequence 
5 ' -TTATAT-3' 
A 
that shows homology to the Pribnow box of E. coli 
Promoters, 5'-TATAAT-3' (Hawley & McClure, 
1983), centered at position — 10. However. the loea-
tion of the archaeal consensus sequence at — 25 
resembles much more that of the TATA box in 
higher eukaryotes (Corden et' aL, 1980; Hu & 
Manley. 1981). Furthermore, in accord with the 
Methanococcus enzyme, RNA polymerase TT 
initiates at a constant distance of 25 to 29 bp down-
stream from the TATA box when a linker is inserted 
between this sequence and the transcription start 
site (Dierks et al., 1983). Thus, in both Systems the 
TATA box is the dominant element in determining 
the transcription start site. The DNA region 
required for optimal initiation of transcription by 
RNA polymerase II is larger when assayed in vivo 
rather than in cell-free transcription experiments 
(McKnight et al., 1981). We have to await the 
development of efficient transformation Systems in 
Methanococcus to address the question as to whether 
the promoter sequences identified in this study are 
sufficient for maximal initiation of transcription in 
vivo. In contrast to transcription of eukaryotic 
tRNA genes by RNA polymerase III (Geiduschek & 
Tocchini-Valentini, 1988) internal sites are not 
essential for the promoter function of the t R N A w 
gene of M.vannielii. Both analyses of runoff tran-
scripts from linear fragments of pIC31/61 and a 
quantitative Sj study of transcripts from a circular 
template laeking tRNA coding sequences demon-
strate that the DNA sequences downstream from 
Position +9 are not neeessary for accurate and 
efficient initiation. Thus, the DNA sequences 
encoding the D H U and T*FC stem and loop of 
tRNA , which correspond to the A box and B box 
element of RNA polymerase III promoters, are 
clearly not a part of this Methanococcus promoter. 
However, our data suggest that internal sequences 
are required for efficient termination of 
transcription. 
The components of the transcriptional machinery 
of Methanococcus interacting with the elements of 
the t R N A V a l promoter remain to be identified. 
Beside the RNA polymerase at least two transcrip-
tion factors appear to be involved in initiation of 
transcription at Methanococcus promoters (Frey et 
al., 1990; our unpublished results). The binding 
region of the purified RNA polymerase extends 
from position -30 to +20 (Thomm & Wich, 1988; 
Brown et al, 1988; Thomm et al, 1988). Hence, the 
promoter-down mutations in the TATA box region 
may exert their effeet by disturbing chemical 
contacts between the enzyme and this DNA region. 
However, the TATA box independent initiation of 
transcription of the Sulfolobus RNA polymerase at 
ATGC-like sequences provides evidence that 
archaeal RNA polymerases can also recognize the 
initiator element. One of the Methanococcus tran-
scription factors also appears to interact primarily 
with the promoter region (our unpublished results). 
Thus, a more complex assembly of transcriptional 
components at the promoter may precede the initia-
tion process in archaea. The set of mutants derived 
for this study may prove useful in investigating the 
sequence and nature of the interactions of these 
Polypeptides with the promoter. 
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